It has been reported that calcium intake may effectively modulate the expression of hypertension affected by sodium. The present study extends our previous analysis of this calciumsodium interaction, additionally demonstrating that calcium, sodium, and alcohol intake further contribute to both systolic and diastolic blood pressures in normotensive subjects. Calcium intake was related to lower blood pressure over all ranges of sodium and alcohol intake, and alcohol intake contributed positively and significantly to both systolic and diastolic blood pressures. However, sodium was associated with increased blood pressure only at low calcium intake, particularly in subjects who consumed large amounts of alcohol. This study points to a significant interaction among sodium, calcium, and alcohol intake as determinants of blood pressure, which, together with gender and weight, contribute to 31% of systolic blood pressure and with the addition of age to 36% of the variance in diastolic blood pressure. {Hypertension 1991;17[suppl I] :I-150-I-154)
A ccording to some epidemiological surveys, 1 -12 nutritional calcium is a significant determinant of blood pressure. However, controversy is substantial on this issue 13 and considerable discrepancies exist in data from interventional studies.
14 - 19 High calcium diets have recently been shown to prevent blood pressure increase after acute and chronic sodium loading in humans 5 - 20 in addition to spontaneously hypertensive rats (SHR). 21 Wyss et al 21 in fact demonstrated that high dietary calcium prevents the sodium chloride-induced exacerbation of hypertension in salt-sensitive SHR, which is paralleled by augmentation of norepinephrine turnover in the hypothalamus. Gruchow's study of NHANES data 22 suggests that sodium significantly contributes to an elevation of blood pressure but only in subjects with low calcium dietary habits, exerting no effect in high calcium consumers. Our recent Montreal study has indicated a significant interaction between sodium and calcium, particularly in individuals without a family history of hypertension. 23 The relevance of dietary sodium has also been emphasized in surveys of Japanese men living in Hawaii 10 and a recent report by the same group 24 indicates an interaction among dietary alcohol, calcium, and potassium. Alcohol intake has been associated with increments of blood pressure in many studies, 25 -29 although controversy exists on this issue also. 30 -32 These findings prompted us to reevaluate our Montreal data, and we report here that sodium, calcium, and alcohol intake indeed interact as significant determinants of both systolic and diastolic blood pressures.
Methods
This study was performed on 182 normotensive subjects aged 20-39 or 40-59 years, representing an equal sampling of French and English Canadians living in eight electoral districts of Montreal. Nutritional data were gathered from a 3-day diary, which expert nutritionists had trained the subjects to keep. Blood pressure was recorded two times, following the guidelines of the Canadian Hypertension Society. 33 On these occasions, weight and such habits as alcohol intake by drinks (1 drink=30 ml alcoholic beverage or 1 beer) were also recorded. Particular attention was devoted to discretional use of sodium intake by supplying subjects with preweighed salt shakers.
Partial correlation coefficients were used to measure the relation of calcium to systolic and diastolic blood pressures controlling for effects of the other Values are mean±SD. Numbers in parentheses indicate intake as nutrient density in mg/1,000 kcal. parameters. Multiple regression analysis using the Statistical Analysis System (SAS Institute, Cary, N.C.) was performed to find the best subset of predictors for systolic and diastolic blood pressures. Table 1 provides data on mean sodium, calcium, and alcohol intake in male and female subjects separated into two age groups. No significant differences in sodium, calcium, and alcohol intake were observed among the age groups, and no significant gender x age interaction that allowed analysis of all subjects together for both sexes independent of age was found. Mean intake of the total sample of 182 subjects was 1,500 mg/1,000 kcal sodium, 408 mg/1,000 kcal calcium/day, and 23 drinks of alcohol per month.
Results

Description of Sample
Partial Correlations
Because our previous data have revealed a significant association with calcium of both systolic and diastolic blood pressures, further analysis was performed to evaluate the persistent correlation of systolic and diastolic blood pressures with calcium intake after correction for age, weight, alcohol consumption, polyunsaturated fatty acids, potassium, magnesium, phosphate, sodium, sodium/potassium ratio, and their combined actions. Table 2 demonstrates that the significant negative correlations of systolic 0=0.024) and diastolic (p=0.054) blood pressures with calcium intake persist despite the corrections for these parameters, even when all of these are considered.
Analysis of Terciles
Because we hypothesized that sodium and calcium interact, we first analyzed the data by terciles of sodium and then by terciles of calcium intake. When separated by low, medium, and high sodium intake, it is clear from Figure 1 that generally there was no significant relation of sodium to systolic and diastolic blood pressures with intake varying from 1 to 2 g/1,000 kcal/day. When separated by terciles of calcium intake, there was an evident decrease of both systolic and diastolic blood pressures, with calcium increasing from 0.25 to 0.6 g/1,000 kcal/day. The interaction between sodium and calcium is shown in Figure 2 . This figure clearly shows that systolic blood pressure rose with increased sodium intake but only in the group of low calcium consumers. In subjects who ingested large amounts of calcium, there was no increment of blood pressure with high sodium intake.
Linear Regression Analysis
To evaluate the best set of predictors for systolic and diastolic blood pressures, multiple linear regression analysis was performed. Table 3 shows that systolic blood pressure was significantly predicted by gender, weight, sodium and calcium interaction (p = 0.004), calcium and alcohol interaction (p=0.009), and sodium and alcohol interaction (p<0.001). These predictors contributed 31% of the variance in systolic blood pressure. Up to 36% of the variance in diastolic blood pressure was determined by gender, weight, age, and interaction between sodium and calcium and sodium and alcohol. To illustrate these interactions among sodium, calcium, and alcohol, we calculated, for three levels of calcium at two extremes of sodium intake with consumption of 0, 20, or 60 drinks of alcohol per month, their potential impact on blood pressure from the linear regression analysis of Table 3 . These data are illustrated in Table  4 . Blood pressure appears lower with high calcium intake. Conversely, sodium could positively contribute to blood pressure, particularly with low dietary calcium intake and rising alcohol consumption.
Discussion
We hypothesize that significant discrepancies in evaluation of the nutritional impact of sodium and calcium arise from the separate analysis of data. If our Montreal study data on sodium and calcium interaction, 23 which are in fact consistent with the results of Gruchow et al 22 on a large US sampling, are indeed correct, then the effects of these nutrients must be considered conjointly. Experiments with SHR 21 and humans 20 support these epidemiological observations. The present analysis of our Montreal data further suggests that alcohol is an additional significant contributor to the interaction between sodium and calcium. Criqui et al 24 have proposed that alcohol's effect on blood pressure is stronger than the separate or combined actions of calcium and potassium, and our findings are consistent with a striking influence of alcohol intake. In contrast, it is important to note that nutritional sodium has a significantly different effect, which is modified by both calcium and alcohol intake. Thus, in the absence of alcohol, sodium does not appear to exert an incremental action on blood pressure in the Montreal population, and the presence of alcohol intake actually potentiates the association of calcium intake with systolic blood pressure. However, with two drinks per day (60 drinks per month), a sodium intake of 2,000 mg/1,000 kcal/day has a change from baseline measurements of 21. for systolic and 6.3 mm Hg for diastolic blood pressures compared with the same sodium consumption with no alcohol consumption in the low calcium group. With a high calcium consumption of 800 mg/1,000 kcal/day (approximately two times our mean population intake), the impact of alcohol is significantly attenuated, as is that of sodium. The interaction of sodium and calcium may involve natriuresis, 34 but its actual biochemical mechanisms require elucidation. Although moderation of alcohol intake is routinely suggested to entire populations, specific recommendations for sodium and calcium intake can benefit from further analysis of the significant interaction of these ions as predictors of blood pressure in humans.
